The aim of the present study was to elucidate the effects of 4 different cardiovascular drugs on blood lactate levels during an intensive graded exercise test in 17 healthy male subjects. In acute studies, isosorbide dinitrate and nifedipine were used. In chronic studies, propranolol dihydrochloride and dilazep dihydrochloride were used. Oxygen uptake (Vo2), heart rate, blood pressure and blood lactate were measured at rest and during the final minute of each exercise session. Hemodynamic measurements during submaximum exercise were influenced by all drugs except isosorbide dinitrate. Vo2 during submaximum and maximum exercises remained unchanged by all drug treatments. Blood lactate levels at rest and during submaximum and maximum exercise also did not change significantly. Work load corresponding to blood lactate concentration of 4mM (W4mM) and the 1st and 2nd break points of lactic acid (WBPLAI and WBPLA2) were almost the same in all treatments. It is concluded that the 3 criteria of blood lactate obtained during the graded exercise test are not affected by these drugs in healthy males.
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SUMMARY
The aim of the present study was to elucidate the effects of 4 different cardiovascular drugs on blood lactate levels during an intensive graded exercise test in 17 healthy male subjects. In acute studies, isosorbide dinitrate and nifedipine were used. In chronic studies, propranolol dihydrochloride and dilazep dihydrochloride were used. Oxygen uptake (Vo2), heart rate, blood pressure and blood lactate were measured at rest and during the final minute of each exercise session. Hemodynamic measurements during submaximum exercise were influenced by all drugs except isosorbide dinitrate. Vo2 during submaximum and maximum exercises remained unchanged by all drug treatments. Blood lactate levels at rest and during submaximum and maximum exercise also did not change significantly. Work load corresponding to blood lactate concentration of 4mM (W4mM) and the 1st and 2nd break points of lactic acid (WBPLAI and WBPLA2) were almost the same in all treatments. It is concluded that the 3 criteria of blood lactate obtained during the graded exercise test are not affected by these drugs in healthy males. interval between the test days. All subjects continued to participate in intensive physical training for 3 weeks during the study. In the chronic treatment group, propranolol dihydrochloride (60mg/day) and dilazep dihydrochloride (300mg/day) in three oral doses a day were taken by all subjects for 4 weeks. The study included 3 consecutive periods of 4 weeks, 1 period each with propranolol dihydrochloride and dilazep dihydrochloride treatment and 1 period of control treatment. At the end of the control and the drug-treatment periods, an intensive graded exercise test was performed. On the day of the test, each subject was instructed to take a 20mg tablet of propranolol dihydrochloride or a 100mg tablet of dilazep dihydrochloride 2 hours prior to the graded exercise test. The effects of dilazep dihydrochloride and propranolol are to be expected to be seen from this administration schedule since the relevant serum concentrations build up to a relatively high level within 2-6hr after oral administration.16) The subjects studied consisted of 5 physical educators and 1 physician. The order of the exercise tests is shown in Table II . The continuous cycling exercise was performed at a pedaling frequency of 60rpm. The work load was increased by 20 watts (1 subject, 15 watts) every 2min following nonloaded pedaling for 4min. Oxygen uptake (Vo2), heart rate, systolic and diastolic blood pressure, the rate of perceived exertion and blood lactate were measured at rest and during the final minute of each exercise period. Expired gas from the subjects was collected in a Douglas bag and directed to a Respirometer CR-50 (Fukuoka Co., Ltd.) to measure minute ventilation. The mixed expired gas samples were simultaneously analyzed by a Beckman OM-11 and LB-2 Gas WBPLA1 also corresponded to the blood lactate threshold or the anaerobic threshold.18) These points were detected by 3 investigators independently and the mean values were used.
RESULTS
Figures 2, 3, 4 and 5 show comparative results of 4 different drugs on HR, systolic and diastolic BP, and blood lactate concentration during an intensive graded exercise test. Each variable was plotted against work load. No significant differences were found between the drug treatments and placebo or control trial for VE, Vo2 and carbon dioxide excretion (Vco2) during submaximum exercise. The various drugs did not alter blood lactate concentrations at rest or during submaximum and maximum exercise. However, BP and/or HR during submaximum exercise were altered by nifedipine, dilazep dihydrochloride and propranolol dihydrochloride but not by isosorbide dinitrate.
Following nifedipine treatment, diastolic BP was decreased significantly during the increase in work load from 0 watts to 100 watts, while HR was increased at all levels between 40 watts and 160 watts except for 120 watts and 140 watts. With dilazep dihydrochloride treatment, both systolic blood pressure and HR were elevated during the whole submaximum stage. With propranolol dihydrochloride treatment, during submaximum exercise The effect of isosorbide dinitrate (closed circle) or placebo (open circle) on blood pressure, heart rate and blood lactate at rest and during incremental exercise. The effect of nifedipine (closed circle) or placebo (open circle) on blood pressure, heart rate and blood lactate at rest and during incremental exercise testing. * Significant at 0.05 level. 60 watts to 140 watts except for 80 watts and 100 watts. Maximum oxygen uptake (Vo2), maximum ventilation (VEmax), maximum work load (Wmax), maximum blood lactate concentration (HLa max) and time to exhaustion did not change significantly as compared with those following placebo or control treatment (Table III) . Maximum HR (HRmax) was decreased significantly only with propranolol dihydrochloride treatment. The effect of all drugs on the work loads corresponding to the 4 different blood lactate criteria and the other related valiables are presented in Tables IV and V, respectively. In acute treatment, W2mM was decreased significantly with nifedipine as compared to placebo. However, the other blood lactate criteria and their related variables were not altered by nifedipine treatment. With dilazep dihydrochloride treatment, work loads corresponding to all criteria and their related variables were unaffected. Following chronic treatment, there was no difference between drug and control groups in the work loads corresponding to all of these criteria. However, a significant decrease was observed in HR corresponding to W4mM, WBPLA1 and WBPLA2 for propranolol dihydrochloride. 
